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Wafer Level Chip Scale Package (WLCSP) 
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3 Wafer Level Chip Scale Package (WLCSP) 


3.1 Package Description 
‘le Levet Cp Sele Package reer to he eng o packaging an tse cut al he wae ev ato ot o dra 
‘procena of barang nel nts n packages ser dong NE om a wafer Tas process extension he waler Fao proces 
here he deve rierannets and precon acanplahed using the tational lab processes and els te a fo 1e dei: 
E de wn an ay pata abun or sole al aaah at an KO pe at cpa wi ans ret board aasa 
processes, WLCSP a be chip- sosie packaging (CSP) enclose the resuling package ic he save sie ce sewn 
[n paure $, WLCSP techolgy ers ater alg aray (SCA) an awat bases CS that no bang es er erpat 
‘onectora we requred. The ky ssvontages O he WLCSP 1s 1e Ge 1o PED PANES kinase, reduced package see and 


Figure 1.WLCSP Packages Available from Freescale 


3.2 Package Dimension 
Freescale oers WLCSP size and hehnestes wih various opto af YO (slr bals and a standart al pic of 040 and 50 mn. 
‘The physical lies of WLCSP sre dynamic sine hoe depend on actual dhe size. Ree’ lo Freescale package case cline awings 
io oitan dale dmeasons and trance, whieh compte io JEDEC Pubicatan 95, Design Guide 4.18 [I] and JEDEC Sandara 
MOH [2] Package zs and bal ich sre costully in revien, check whe Freestate sles leam fer mare loma. 


3.3 WLCSP Cross-section 
“The cross section drawing laure 2 i deo show the representative mierna layer of peal WLCSP package wth s single 
‘estan ayer (RDL) between two delet layers A pd WLCSP die has a Wat ayer lace, conductive matal ROL o 
"ert e sgn pan rom me e peripheral slr bal pad, and sacandal layer 1o oover n6 RDL metat Wich oun 
|S paterne noo selder vall aray. The solter bt led re alo, Construction capable have Mo RDL melal layers or mare 
Complex oun, Over melded canton a also avaiable o nigh board levei raine 
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Figure 2. Typical Polymer-ROL WLCSP Construction 


3.4 Process Flow 


[Avpil WLCSP process Bow is sad Figure 3. The strat play the process for bngay RDL process, wth the ROL 
‘natal ayer beeen wo dati ers. 
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Figure 3. Typical WLCSP Process Flow 
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4 Printed Circuit Board Gui 


44. PCB Design Guidelines 
Proper PB footprint and steel designe are etic 1o ensure high surface mount assemtiy ys and electra! and mechanical 
Bianca he en sas wth cia ec pc mig Palace aw mala at 


Flo the procedures in Dowload ha Intiman rom Freesesle, Paga 12. Figure 4 shows an example oa Oa 52957810 120 
ESP Gase Cure drawing, 


mg oh 


Figure 4. 529:x 5:28 mm 120 WLCSP Case Outline (98ASA003110) 
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4.2 PCB Pad Design 


‘Freescale olos Me generic requirements tor Surtace Mount Design ad Lan Patan standards Irom the tat tor Pri Celts 
OPCI PC-73516. This document and an acorparying land patern casa can be purchased rom te PCs web he 
{tw tampanen Ipe or el sp) and ines gudenes fr BGAS, based on assumed package dimensions 


Many BGA products do not nave uy populated arrays to sow for beter PC (pned hei board) rung. PCB design mutt ensure the 
‘ral etgen males he part. 


4.21 Pad Diameter 


Table 1. Suggested POB Pad Diameters 


4.2.2 Pad Surface Finish 


PCB nish compte wih WLCSP include Organic Saldeabiy Protectant (OSP) ant Elecoess Mikel meson Gold ENG Au < 
0.5 um 1o avo sole oint enbetement) Fresca suggests he PCB sac ih sho e be monte 1o erau the Me has not 
ited Surfaces sau ways be fe of di and gresas Delos PCB asser, 


4.2.3 Solder Mask Layer 


Solder Mask Daned (SD) pads are define byte solder mask opening on he boats pad ae shown in Eizure 5- The opening of the 
‘Sider mast mae than the indeng copper area Tar soiden 1o a associated bump A No ldr Mask Dene’ (NSMD) pad 
hat ser maak opening larger an Ihe copper pad. Tere are many taco atuencing whether Be PCB designer uses SMD or NEMO 
boda Eimer ype can utay Be und wih WLCSP packages. Freescale recommenda ing NEMO past eral aig and 
‘SID pada fe rp est performance Fels were Ihe tace connects be Cu pd sre recommended, especialy min NSMD pada. 
“Ta NSMO sider mask opening diameter ia sugges to be 0.10 mi larger han te sderabe area (ie. Cu diameter). However, Ris 
‘ict understar he POB btcatn capita of PCB supplera. 

SMD pads (compared lo NSMD) have a larger Cu meter Wich maana more Cu is joined othe PCB ana, Copper mete or 
SUD le 0.10 mm larger han soider mask opening amler This nceaned carreter makes pad cratering on 1e PCB mere dc. and 
Marla neresses droplanock le Fot SMO al sal pcs, a kay taco of picking e Cu saree! a solder mask diameter PCB 
‘endo eapabates sport of delivered PCBS o sokler mask regis abon ie encouraged: 


Figure 5. NSMD and SMD Pad Designs for WLCSP PCB Terminal 


4.3 Via-In-Pad Structures 


“Te neato apad structures gener determined the design. Va designs typically result i vekss and renter sider 
rs ater retorn acing teary tures, These veida are due lo raped ahead sucess used, A'a recommended 
{Stee is As any PCE, te quay ad experience ot Da vendor errant Mn vain pad dengan 


5 Board Assembly 


5.1 Assembly Process Flow 
A typie Surface Mount Tetnotoay (SMT) process flow is shown in Eto 6- 
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Figure 6. SMT Process Flow 


NG -. 
5.2 Solder Stencil / Solder Paste 


5.24 Stencil Thickness 


‘Sold past stens design is ct tor good solder jont oman. especialy as he bal sich decreases. The cess of he tend 
arate apertures delemin a amount a soter paste depo orio he pried set boar! lad ate, 

‘Sani should be laser out ses ste wi Nickel paling cr lacolomad Cobalt or Chromiurn hardened Nickel o rapsa selder 
paste depositan Trom usm pertires required by serali pleh packages is recommended to inspect the stn openings Tor burrs 
Sha ther quai savaa prar ou. 

‘Seth sque ad round shaped apertures have been sod successfull however square shaped aperture openings prode more 
Consistent paste penting and vant eere) wen compared lo round openings Comers ay be roude preva degging 

For 0.50 men pleh WLCSP devices, 1:1 aperture to pad recommended for SnAgCu al 

For 0.40 men pleh WLCSP devices, use aperture aspect ralio of > 0.88, wh 0:25 mm x 0:25 mm square openings (25 micron comer 
‘aus Ior Improved sole psa poston tepesini Aperte aspect ala deled as he sperre opening arsa Se by Me 
perire ade wal surface area. 

TADO mmn (ie atainiese ata stenst is recommended. When Mese stencil design requeamewt corel wi oiher required SMT 
ganan in me cel PB any. a sias Soum te cen ay ean nampa wth FEES oman 


5.2.2 Solder Paste Properties 


Sols pasteis one oe most rian matin he SMT assembly process. tis a homogenous mixture of metat aloy. Hx. ant 
acosiy mer. The metal aloy Parties re made inspect sue and shape Fl has a det ect on soidetng an cleaning. and 
Ils used o preconditon me surtaces fr soldering (by Teong minor surface contamination and cian) 

Solr paste grain sizs ca be useful o manipulate by ph. Type sr (20 to 38 microns grain size) or Ine soider paste ls 
‘commended and atow hale (< 100 ppm hae) NO ie ses kayaten be used 1o eliminate osteo aasam aring 
peratons 


5.3 Component Placement 
‘The WLCSP package is comparatively sal size. For betler accuracy, ia recommended to usa automated Me ile placement 
‘ales Va ga nd NP PIA cr he par Loca Ks sre teque on ebro palo 
Pek ana Pace systems using mechanical centering are nl ecomenended ds ho high pleat mechanical damage othe WLCSP 
ove, Ensure minal pcan place fe ia used svod damage. wi al elealconeresion forces Cole and moore 
‘aight orl methods are reccomended over ot control esses econ ma uae airs nozzle option and complant 
ip matenana 1o eer vad any gyal damage W a WLCSP Gaye. Use ony vacuum penei wn cml priser whenever 
manual haning ie regure. 

[Alastenbiars ot WLCSP conponenl ara encouraged lo corduct pisoement cea sues to provide actual eal rowed sout 
Compensation needed rhs package pe, Freestate anna nile a ange of placeren equ and seting post or 
package placement anc herelore cannot mako a geren recormendatn on how to canpeteale 0 WLCSP nechgealy 


5.4 Soldering 
Temperate pro ia tne most important contro reflow sidering and ust be iene to eatin a robust procese: The actuat 
Prete dapan an several ac nding completo protic ren pe solder pera dence serosa PC, oven 
Sn hermocouetatrances ete. An Frescalss WLESP Geez are quae lst Sent Level al 250. Te masira 
‘eteeraize ane componei body shut not exceed fh levei. AO perature satinga need io be delermined by Pa 
tuner bas an mama losing elects ang an solder paste vendor cones 
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5.5 Inspection 


“Te solder Joints of WLCSP parts are formed underneath he package. To vty any apen or shart (ging afer elo. 
non destuetvevtnlpleal npecton nd X tay napecton are econeaned 1o very any open or shore aha refow siden, 
Mu aerloing a acer metros ot inspecting Sot fit all ing process options, bul isles mula 1o producion 
inspection ave to slow processing) Fit tad tha expe a ay tage fered corpse 


Figure 7. Inspection X-ray of a MAPEGA Package (Similar to WLCSP Image) 


6 Repair and Rework Procedure 


WLCSP components removed hing PCB rework shouid not be reise for laser, Festal fl stand component 
‘ustesons for pacagescanpencts and mese include ves sce kawa survival A package Inai nas been stated oa PCR 
‘id thn moved has een bw solder rows ad the PCB a dub sided, 1e package ha seen ve solder rows, Thus the 
package lo near he end ot he tested and uae tange a own suey. Tete removed WLCSP componenl shoud be 
Proper diapos ot so at hey wl nat mixin knw os WLCSP components. 

“Tha rework process for WLCSP devices i sae o ypica BGA and CSP packages: 

 Toremove tay component tom th boar hla shoud be aap Irom the top and boto heaters. An air pazzie a conect 
$e should ba used to conduct he heat o Pre WLCSP component suen Ihat Pe vacuum pick ula ean propel) remove the 
‘component. n is recomended t apply ep and otor hesters eman 3 seconds a 300 "C and 180 "C, rapa 
Hany anemic have elena i house knowledge ewe and ey experts should be carte fr tres guidance” 

+ noe Ine WLCSP component is removed, ine sihe s cleaned and dressed 1o prepare Tor Ie new component placement A 
‘desde slatan canbe ued Tor slr dressing. shoul Pe noted al he applied temperatura should not be 245 “C, 
‘Sheri the copper pad on me PEB may 0 

“ AMikalaci wl he same stenci Picket, apetur opening and pam as te normal stencil shouid be used: Apply a gsi or 
Tacky nux uong a min enet sausegee blate. The printed pads shal b spaced tense sven nd ull sol pas 
bee componen paceme 

A vacuum nozzle is used 1o pik tne new package up, and accurately place it using a vision alignment cement to A seit 
System nal displaya wages of bom he WLCSP Ida and Ie ator on the PEB ie tected 

‘The replace component = mer 


ero o the PCB using a amperaine pote simitar t the normal reflow sein process 
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NO wrens 


7 Board Level Reliability 


‘The Bose vel laity i ususiy presented interms of slr joint ite. The solder cirt resus a secon ze the bowed ayt 
guidelines fom Seaton 4.1 


74 Testing Details 
‘Soldat Joint Rabi (SUR) sing ere to determine a measure of board level relay when exposed ka thea ying. There 
ate several erent names for bar eval relly (SLR) at customers may see. hee le second evel ely (2nd level 
Fela) nar faint rehabi (SUR), arg temperature eyeing on bord (CoB) 

inot provided here is based on expats executed on WLCSP devices using a dalsy chain BGA conan, Atl sca 
ount procesa an Segn aplmizatons are recommended io develop an plea specie slulon 

SIR temperature eyeing conditions may vary widely, depen on he aplication and specie user Tea Freese SIR leng ls 
paload by temperature range Tor 40 “C o 128 C andr D'C 1100 G. 

‘The prefered test methot wil vary by maket and industry, Far automotive, the primary test i a vernon of PC-STOYA air temoeratize 
eira. For me consumer maret JEDEC' drop at wil be a rear tett (UES022 B111 Drop Test sca [FI 
Tiecammunicationa usas Both IPCA7OTA and P3702 (anol bend). Freescale ay nol lest an conte package Ior drop and 
bond Inst at a becouse of me aplcatons vary Ior each market and dusty 

‘Samples of WLCSP in day chain formal were ued to study the sole joint retabilny. BGA pairs were routed together in the WLCSP. 
ROL ayer, th a complemen patern designed 0 tha el PCB o provide one kei rel (ra) ugh he pacage when the 
package akached the test PCB, as sae in Piae 8 


MM  WLOSPROL Trace 
— POB Tace 


"mm PCBINOut Trace 


Figure 8. Example WLCSP / PCB Daisy Chain Routing (Not to Scale) 


72 Board Level Reliability Results 
Freescale experimental gathers boat ev eb dla tor a variety of packages including ampere cyte Sole Joint Retaily 
SIR ane Mechanical Drap Tet To gel esl fom eae experiment (sung Wala pts) cone the Fees sles team: 
{stoners shoul inert he Freescale solder lab dla 1o see Now wel thay meat he inal pean equtereis 


73 Underfill 

LUndeting can scanty crease board leve ele of WLCSP packages. Freescale experiment dermanstraled 7X improverent ot 
‘elder join ely fe, Carat selec funda teal ec Ior enhancing BLR periormanee GI WLCSP packages snee 
‘lec an under wth oo gh a CTE can au in worse BLR perlormance tan no unde 


8 Thermal Characteristics 


8.4 General Thermal Performance 

Since te terms pertmancacthe package nhe tal appllestion depends on a number of tactors (Le: board design, power dissipation 
ote components on Bw same moard. aral emperaLre) De etal package operas proved by Foescale shoul oiy seo 
ANA puder thera splcan design apptcalona where Ine hema! peras 1s considered lobe eel. Freesen 
‘ecommends 1 Tu apple speci arma clas ihe sgn phase o cnt he or toar ermal errr 


8.2 Package Thermal Characteristics 
ncn temperature is a function ot die size, on-chip power dapat package heal resistance, mousing ste [noc temperate, 
‘mbit leper, a tow pover daspan a ther conponeal on Na bat, and board ima rassier 
Astana faces needing be cided in PCB dena era ating ol 1e ta appictoa, amongst ters are: 
Thermal eines ofthe PCB (era Conduct of PCS waces, number of ther! vias, rms conducvi of Perma vias) 
“ay and a Po ec Pa ae pedal ser vang ne ema a selder joria wc may 
‘Te iermalcharcteretie of he package rouse he thermal perlormanoe of he package when mere sre no neiby components 
dagat nln ama ot Paat Tra sated Yar ro et od De package eral pence i a tarda 
“Thermal erpats ot he individual products are usualy given in he Freescale product data sheets as apropae Produc Dala Sheets 
are matatia at se tees. Mare Gata thermal propertes may be requested by ost 


8.3 Package Thermal Properties - Definition 
“Ta thermal pedomanca of a WLCSP package is typically sped by dion of ema properties such as Ras, Ranu Rus Ruc 
ana y(n CI). Thermal characteizaton i prtrmed by phys! measurements an running complex seralaon model wdet he 
{towing condana. 
Tao Perma! boar Woes 
Sing layer board (1) per JEDEC JESDS1-3 & JESD51 (exposed ps packages ony) 
T Four tayer bar (282) per JEDEC JESDS'-7 and JESD51-5 (xpoed pad packages oniy) 
“Four bouncy conditons: 
Thal oonvecton (ta) per JEDEC JESD51-2 
= Foro conection per JEDEC JESD51-6 
Thara ei boar on ng sya Cold plate method per JEDEC JESDS1-8 
ald piale matod per MIL SPEC:883 matod 10121 


'n-to-Ambient Natural Convection (Still Air) 
-Anctono-sntent ems resistance (Theta-JA or Ray per JEDEC JESD51:2) i a one-dimensional value measuring the cnducton 
At naat rom the union test empersture on de) the envorrne(ambenl naar Ine package ile ervvonment. The heat 
Generated on he estas reaches be rede veer along Mo pas 

“ Canvectan a atin of me exposed surtace ote package. and 

+ Condition and brought board fed by canveten an radian of the exposed board stares 


Ne 


8.3.2 Ryyya? Theta Junction-to-Moving-Air Forced Convection 


Ancona ‘Mevng A (Thea IMA or Rapa Pr JEDEC JESD51) sie o Rany but memsures the Mermi pertormanos ot me 
Bahagi mounted on ine species enna st Saard exposed ta mega (l AÙ Teenie) envronment 


8.3.3 Rose: Theta Junction-to-Board 


neon o-oars mal resistance (Theta JB or Rugg Për JEDEC JESDS1-4) measures the horizontal sri ot hest between the 
[uncon and Da board. The boa temgetae ls measured on me tap surface of the bat near he package. The measurement uses a 
high sectie thermal conduct Taut ayer el Dra (292p) per JEDEC JESDET.T Rg ië Paguani usad by customers 1o create 
armai models considering bom package and appcato board ermal propertes. 


8.3.4 RoJC: Theta Junction-to-Case 


ines Case thermal resistance (Mela JC or Rs per MIL SPEC-B83 Method 1012: ngeatas the average Merma! resistance 
atas te d and me cas lo aa a measure y he cla piate matod per MIL SPEC -G83 Meineg 10123, win ihe cl ale 
terpertire used for me case amperahe Ryc can be used 1o estimala te ermal petarance ota package when e board 
‘Shera oa metal housing or hest arik. or when comple thermal anya done. 


8.3.5 ysr (Psi JT): Junction-to-Package Top 


anes Package tp (Psl JT or vr] indicates te temperature diference between package top and th Anson temperate, 
pna measured na ai consten (pef JEDEC JESDB1-2) 0r or convection envionment (per JEDEC JESDS1 6} yy mut nal 
Be contase win ine parametar Rase, area thermal essence rom fe dedi incon selena atace the phage, WIN 
‘he package sae heid ata con! ampere ly he value he erp irene bateen package sacs and 
Ihnen amperahe, usu in natural convection: 


8.4 Package Thermal Properties 


“able 2 shows an example of Ie etal characteristics pica) shown in a Freese product dalta sheet. Th example apolles to s 
EINES mm package wth 120 VO nthe WL CSP congrats. 


Table 2. Thermal parameters comparison (:3x5:3 mm, 1201/0) 
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9 Case Outline Drawing, MCDS and MSL Rating 


9.14 Downloading the Information from Freescale 
Freescale ore Packaging, Environmental and Cormgllance natn at wui rezacaie com in he parame bi and also in he 
‘device formation delata, Enler tne pari number m the saarn ox and review Ie package oman detala ol e specife part 
‘Te compete case cutine araning and the Material Composition Declaration Sheet (MCDS), folowing e IPC-1752reporëng lommal, can 
be doaloased as a POF loon an product specie Mattie Seni Level (SL) Is ao avaata n Be part delais. 


9.2 Moisture Sensitivity Level 
‘The Moisture Sesh Level (MSL) indicates he Noe Me of te componeat ad ts siorage conden and handing precsutons ster 
Na oral container has been opened The permesse bme (ram opening the moisture varter bag untl he ira soldering process) Bal 
‘eorguren can Yema ouide Ie astute barier bg areas O NG ansi o1 Na coroamento ambi ary, 

Mast WLCSP devices are nt pas encapsulates” hene te JEDEC-JSTD-020 spec peng MSL rating does not apply and no MSL 
faln ia necessary The version of WLCSP uhh hve some amount cf plasic encapsdaton are rate as MSL-1 81200 "C pesk refow 
perature his acae o consul he spece data Selo ver spate NGL 0a dec, 


Table 3. MSL Descriptions 


10 Package Handling 


10.1 Handling ESD Devices 
“Semiconductor agra Circus (1C) and components are Elecirostatie Discharge Sense devices (ESDS) and proper precautions 
ste aqui o handing ad processing mem: Eecirostate Diserarge (ESD) se ofan factors leg 1o damage ad flute 
Taco a ares components, 3d comprehensive ESD conois Io pret ESD wag handing and csa aloe 
Totong nds standards describe detalecd requrements for proper ESD controle Freescale recommends uses meri 
Sundae balore handing and processing ESDS, Detaled ESD apes of devices are avalable in sach dvs cla s 
* SESDBISA- Raqurement for Handing Electrostalie Discharge Serstive (ESOS) Devices 
1 IEC-10V613105" specie lor he Prolactin of Electronic Devices tom Electrostaic Phenomena 


10.2 Packing of Devices 
WLCSP devon ae contained in Tape ane coniguraons, Tape tess packed fr ransportaton an storage, Packing masa 
at dengna to poles eves fom elas mechanical ana cherical damages la wla mole absorption, bul rapt handing 
Andaleragaal packs sre Tecommendes Improper handing and storage dropping pass, sierage exoead 40 "CS0 S RH environment. 
Blessing of pace, 8 reas various ua ad lay na 
© Tapena Ree! 

Freescale corpo with EIA-4B1B ad EIAABIC fr carier Tagaan oe configuration See ite 9 and gue 10 

 eesale corps lo Pin 1 arterialean af devices wih EIAAB TD 

Tape and Res are NOT designe to be baked al Nigh lapses 
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Figure 10. Tape and Reel Example 


+ Pacing 
“Trays and Tape-an- Rees (ed wt devices) are able and packed in diate boxes wih duane (packing mates) 
tort ral pmo 


— Freescale encourages the rey and reuse ot mataas whenever posse 
Freescale does not Use packing media es processed wth or containing class 1 Ozone Deleting Substancee 


T manever pose, Freescale shal dan s palag contguratons 1o opkmze vaumate eelency ard package dey lo 
inis Ine amount ot packing (dumage and packaging ening he instil waste aron. 


‘Freescale comps wih the towing Envrnrenlal Sandards Conformance gudelnesisrecives: 
ISPM 15, Gudeines tor Regulating Wood Packaging Malalim iieatonal Trace. 
T European Parlamant and Counci Directive SUG2IEC o 20 December 1994 on packaging and packaging waste- 
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